Introduction {#sec1-0300060519839519}
============

Coronary artery disease (CAD) is the principal cause of morbidity and mortality disability worldwide, and the number of deaths resulting from CAD have been predicted to increase rapidly until at least 2030.^[@bibr1-0300060519839519]^ CAD is a multifactorial disease that results from interactions between genetic and environmental risk factors. Genetic factors account for about 40%--60% of CAD cases,^[@bibr2-0300060519839519]^ and several genetic defects responsible for rare Mendelian forms of severe hypercholesteremia have been identified.

The proprotein convertase subtilisin/kexin type 9 gene (*PCSK9*) was the third to be associated with autosomal dominant hypercholesteremia.^[@bibr3-0300060519839519]^ PCSK9 is a circulating protein that is synthesized and secreted predominantly by hepatocytes. It plays an essential role in low-density lipoprotein (LDL) cholesterol homeostasis by mediating LDL receptor breakdown through a post-transcriptional mechanism, and was found to be a key risk factor for CAD.^[@bibr4-0300060519839519][@bibr5-0300060519839519][@bibr6-0300060519839519]--[@bibr7-0300060519839519]^

*PCSK9* consists of 12 exons that encode a 692 amino acid glycoprotein. Since its recognition, accumulating evidence has proposed that *PCSK9* variations are associated with the development of CAD and cerebrovascular events in different populations.^[@bibr8-0300060519839519][@bibr9-0300060519839519][@bibr10-0300060519839519][@bibr11-0300060519839519]--[@bibr12-0300060519839519]^ However, studies have provided controversial results regarding whether *PCSK9* variations are risk factors for CAD. Therefore, in this study, we evaluated whether *PSCK9* single nucleotide polymorphisms (SNPs) are risk factors for CAD in the Taiwanese population.

Methods {#sec2-0300060519839519}
=======

Study participants {#sec3-0300060519839519}
------------------

CAD patients were recruited from a cardiovascular clinic in Chung Shan Medical University Hospital (Taichung, Taiwan) and were diagnosed through angiography. Diagnostic criteria were more than 50% stenosis over any segment of the coronary artery as detected by coronary angiography. Individuals from the control group without CAD were recruited from the same hospital as the CAD group. They also underwent coronary angiography, but lumen stenosis was less than 50% lumen narrowing on one or more major epicardial coronary artery segments. Patients who had inflammatory disease, valvular heart disease, or cancer were excluded.

During the recruitment phase, all patients self-reported their age, sex, family history, clinical manifestation, and medical history, which were verified during the clinic visit. Clinical characteristics included: (1) personal history of smoking, hypertension, diabetes, hyperlipidemia, stroke, atrial fibrillation, and congestive heart failure; (2) medical history prior to admission, which included the CAD risk score, cardiac enzyme markers (serum cardiac troponin I levels), height, weight, and blood lipid profile; and (3) family history of cerebral infarction, myocardial infarction, and coronary heart disease. All participants provided written informed consent at each examination, and all study protocols were approved by Institutional Review Board of Chung Shan Medical University Hospital.

SNP selection and genotyping {#sec4-0300060519839519}
----------------------------

DNA was extracted from EDTA-anticoagulated venous blood collected from CAD patients and controls using the QIAamp DNA Blood Mini Kit (Qiagen, Valencia, CA, USA) according to the manufacturer's instructions. The SNPs investigated in this study were rs529787 and rs505151. They were selected based on previous reports supporting their association with PCSK9 expression and atherosclerosis. rs529787 was previously found to be associated with cerebral ischemic stroke in the Chinese population,^[@bibr13-0300060519839519]^ and rs505151 was associated with the risk of CAD.^[@bibr14-0300060519839519]^ Genotypes of *PCSK9* rs505151 and rs529787 were determined by the ABI StepOne Real-Time PCR System (Applied Biosystems, Foster City, CA, USA), and analyzed using SDS version 3.0 software (Applied Biosystems, Foster City, CA, USA), as described previously.^15,16^

Statistical analysis {#sec5-0300060519839519}
====================

All continuous variables (age, body mass index, and body weight) are presented as mean ± standard deviation (SD). Differences between the CAD and control group were analyzed using an independent sample *t* test. Differences in the frequencies of sex, hypertension, diabetes mellitus, smoking, and genotypes were analyzed using the chi-squared test or Fisher's exact test, as appropriate. A *P* value of less than 0.05 was considered to indicate statistical significance. Data were analyzed using SPSS statistical software (version 11.0; SPSS Inc., Chicago, IL, USA).

Results {#sec6-0300060519839519}
=======

A total of 501 CAD patients and 334 controls were recruited, and their clinical, demographic, and biochemical characteristics are shown in [Table 1](#table1-0300060519839519){ref-type="table"}. Significantly higher proportions of smokers and men were seen in the CAD group compared with the control group (*P* \< 0.05). Moreover, patients in the CAD group had significantly higher incidences of diabetes, hypertension, and congestive heart failure, and significantly elevated troponin I levels than controls (*P* \< 0.05).

###### 

Demographics and clinical features of subjects in non-CAD and CAD groups (n = 835).

![](10.1177_0300060519839519-table1)

                                Non-CAD (n = 334)   CAD (n = 501)   *P* value
  ----------------------------- ------------------- --------------- -----------
  Sex (Male)                    199 (59.6%)         375 (74.9%)     \<0.001
  Age (years)                   65.33 ± 12.43       66.01 ± 11.26   0.413
  Height (cm)                   161.19 ± 8.62       161.84 ± 8.26   0.275
  Weight (kg)                   65.19 ± 12.57       66.80 ± 12.24   0.067
  BMI (kg/m2)                   25.03 ± 3.76        25.47 ± 4.20    0.131
  ≥3 risk factors for CAD       154 (46.1%)         300 (59.9%)     \<0.001
  Age \>65 years                184 (55.1%)         268 (53.5%)     0.650
  Family history                57 (17.1%)          89 (17.8%)      0.795
  Hypertension                  199 (59.6%)         367 (73.3%)     \<0.001
  Diabetes mellitus             107 (32.0%)         224 (44.7%)     \<0.001
  Active smoker                 124 (37.1%)         225 (44.9%)     0.025
  Hyperlipidemia                138 (41.7%)         225 (45.1%)     0.334
  Troponin I levels elevation   82 (24.6%)          237 (47.3%)     \<0.001
  Stroke                        28 (8.8%)           49 (10.1%)      0.520
  Congestive heart failure      98 (30.2%)          111 (22.8%)     0.019

Data are presented as number (percentage) with chi-square test/ Fisher exact test, or mean ± SD with independent two-sample t-test.

BMI, body mass index; CAD, coronary artery disease

Genotype frequencies of *PCSK9* SNPs are shown in [Table 2](#table2-0300060519839519){ref-type="table"}. For SNP rs505151, the frequencies of AA, AG, and GG genotypes were 91%, 9%, and 0% in the control group, respectively. Corresponding frequencies were 90.4%, 9.6%, and 0%, respectively, in the CAD group. No significant differences were observed in the frequencies of genotypes and alleles between the two groups. For SNP rs529787, the CC genotype was the predominant genotype (100%) in both groups. [Table 3](#table3-0300060519839519){ref-type="table"} compares demographics and clinical characteristics between CAD patients with the AA genotype and those with the AG + GG genotype of SNP rs505151. Patients with a positive family history of CAD had a significantly higher odds ratio (OR) of carrying the AG + GG genotype (OR = 2.584, *P* \< 0.05) than those without a family history. No significant differences were observed in other clinical characteristics.

###### 

Association of CAD and non-CAD patients with genotypic frequencies of *PCSK9*.

![](10.1177_0300060519839519-table2)

  Variable    Non-CAD (n = 334) (%)   CAD (n = 501) (%)   OR (95% CI)           *P*value
  ----------- ----------------------- ------------------- --------------------- ----------
  rs505151                                                                      
   AA         304 (91.0)              453 (90.4)          1.00                  
   AG         30 (9.0)                48 (9.6)            1.074 (0.665-1.733)   0.771
   GG         0 (0)                   0 (0)               --                    --
   AG+GG      30 (9.0)                48 (9.6)            1.074 (0.665-1.733)   0.771
   A allele   638 (95.5)              954 (95.2)          1.00                  
   G allele   30 (4.5)                48 (4.8)            1.070 (0.671-1.707)   0.776
  rs529787                                                                      
   CC         334 (100)               501 (100)           1.00                  
   CG         0 (0)                   0 (0)               --                    --
   GG         0 (0)                   0 (0)               --                    --
   CG+GG      0 (0)                   0 (0)               --                    --
   C allele   668 (100)               1002 (100)          1.00                  
   G allele   0 (0)                   0 (0)               --                    --

CAD, coronary artery disease; OR, odds ratio; CI, confidence interval

###### 

Comparison of demographics and clinical features between two genotypes of *PCSK9* rs505151 for the CAD patient group.

![](10.1177_0300060519839519-table3)

  *PCSK9* rs505151              AA (n = 453)   AG+GG (n = 48)   OR (95% CI)            *P* value
  ----------------------------- -------------- ---------------- ---------------------- -------------
  ≥3 risk factors for CAD       270 (59.6%)    30 (65.2%)       1.130 (0.611--2.087)   0.697
  Age \>65 years                244 (53.9%)    24 (50.0%)       0.857 (0.472--1.553)   0.610
  Family history                74 (16.3%)     15 (31.3%)       2.328 (1.204--4.501)   **0.010\***
  Hypertension                  331 (73.1%)    36 (75.0%)       1.106 (0.557--2.195)   0.774
  Diabetes mellitus             197 (43.5%)    27 (56.3%)       1.671 (0.917--3.044)   0.091
  Active smoker                 208 (45.9%)    17 (35.4%)       0.646 (0.348--1.200)   0.164
  Hyperlipidemia                202 (44.8%)    23 (47.9%)       1.134 (0.625--2.058)   0.679
  Troponin I levels elevation   215 (47.5%)    22 (45.8%)       0.937 (0.516--1.702)   0.830
  Stroke                        42 (9.7%)      7 (14.6%)        1.598 (0.674--3.784)   0.283
  Congestive heart failure      101 (23.0%)    10 (21.3%)       0.907 (0.436--1.888)   0.794

Odds ratio (OR) with their 95% confidence intervals were estimated by logistic regression

We also examined the demographic and clinical characteristics of CAD patients with a positive family history. Among CAD patients with a positive family history, the prevalence of diabetes mellitus was significantly higher in those carrying the AG + GG genotype (73.3%) than in those carrying the AA genotype (39.2%, *P* = 0.015), with a higher OR of 4.881 (*P* \< 0.05) as shown in [Table 4](#table4-0300060519839519){ref-type="table"}.

###### 

Comparison of demographics and clinical features between two genotypes of *PCSK9* rs505151 for CAD patients with a family history of CAD.

![](10.1177_0300060519839519-table4)

  *PCSK9* rs505151              AA (n = 74)   AG+GG (n = 15)   OR (95% CI)             *P* value
  ----------------------------- ------------- ---------------- ----------------------- -------------
  ≥3 risk factors for CAD       61 (82.4%)    11 (73.3%)       0.586 (0.161--2.132)    0.414
  Age \>65 years                28 (37.8%)    7 (46.7%)        1.438 (0.470--4.396)    0.523
  Hypertension                  51 (68.9%)    12 (80.0%)       1.804 (0.464--7.011)    0.389
  Diabetes mellitus             29 (39.2%)    11 (73.3%)       4.267 (1.240--14.685)   **0.015\***
  Hyperlipidemia                36 (48.6%)    6 (40.0%)        0.704 (0.228--2.176)    0.541
  Troponin I levels elevation   36 (48.6%)    9 (60.0%)        1.583 (0.512--4.897)    0.423
  Stroke                        8 (11.6%)     3 (20.0%)        1.906 (0.441--8.242)    0.382
  Congestive heart failure      13 (18.6%)    3 (21.4%)        1.196 (0.291--4.906)    0.804

Odds ratio (OR) with their 95% confidence intervals were estimated by logistic regression

Discussion {#sec7-0300060519839519}
==========

In this study, we found a predominant prevalence of the AA genotype of *PCSK9* rs505151, followed by the AG genotype in the Taiwanese population. For *PCSK9* rs529787, CC was the major genotype. However, no significant difference was observed in genotype frequencies of the polymorphisms among patients with CAD. In the CAD group, the prevalence of a positive family history of cardiovascular events was significantly higher in those carrying the AG genotype of the rs505151 polymorphism. Furthermore, those carrying the AG genotype also had a higher risk of diabetes.

The frequency of *PCSK9* rs505151 varies significantly among different races and ethnicities. For example, the rs505151 (E670G) G allele is rare in whites (3.6%--7.4%) and Hispanics (4.2%) but is present in approximately 24.8%--26% of blacks.^9,11,17^ In the present study, the frequencies of AA and AG genotypes of rs505151 were approximately 90% and 9%, respectively, and that of the CC genotype of *PCSK9* rs529787 was approximately 100%. This result is consistent with that of Aung et al., which reported a similar genotype frequency (AA: 91% and AG: 8.36%) in the Chinese Han population.^[@bibr18-0300060519839519]^

A meta-analysis^[@bibr14-0300060519839519]^ previously indicated that the E670G polymorphism in *PCSK9* might be correlated with the risk of CAD. Although the risk of CAD was higher in all models (allele, dominant, recessive, homozygous, and heterozygous models), the 95% confidence interval of the OR varied from 0.04--50.44. Heterogeneity might exist because of diversity in study design, ethnicity, sample sizes, genotyping methods, and risk profiles among studies. Contrary to previous reports, a study conducted in Taiwan indicated that the *PCSK9* rs505151 polymorphism is not a risk variant for CAD in ethnic Chinese.^[@bibr19-0300060519839519]^ Another study detected an association between *PCSK9* polymorphisms and serum lipid levels in the Chinese Han population; however, the risk of CAD was not determined.^[@bibr18-0300060519839519]^ These findings seem to be in accordance with our results, suggesting that *PCSK9* rs505151 is not associated with CAD in ethnic Taiwanese.

Previous studies have also shown that the E670G variant is associated with increased plasma total cholesterol.^9,20^ In the present study, this finding was not confirmed in patients with CAD or controls (who have a high risk of CAD). Similar to these results, a previous study found that E670G was not associated with increased plasma lipid levels in the Taiwanese population, and another study found that the prevalence of three major risk factors was not higher in older Taiwanese patients with pre-existing vascular disease.^19,21^

Because of this discrepancy, we analyzed other risk factors associated with CAD in the present study. We found that patients carrying the AG genotype of the rs505151 polymorphism had a higher prevalence of diabetes and a positive family history of CAD. In a study conducted in Korea, pathogenic mutations in *PCSK9* and genes encoding the low density lipoprotein receptor and apolipoprotein B were found in 32% of patients with clinically diagnosed familial hypercholesteremia.^[@bibr22-0300060519839519]^ However, mutation positivity was not a predictor of CAD, and instead hypertension, congestive heart failure, and high-density lipoprotein cholesterol were identified as independent predictors of CAD. As indicated by our results, we failed to correlate *PCSK9* variation with CAD. However, we detected a higher risk of CAD in patients carrying the AG genotype of *PCSK9* rs505151. Future work should evaluate whether carrying these variants increases the risk of CAD.

This was a cross-sectional study, and correlations could only be identified. Therefore, additional cohort studies should conduct a follow-up of our study population patients. Another limitation of this study was the lack of complete plasma lipid panel parameters. The association between *PCSK9* polymorphisms and lipid levels is worthy of further investigation, which will be included in our future work.

In conclusion, our results indicated that the frequencies of the AA genotype in CAD and control groups were both approximately 90%, representing the major genotype of the *PCSK9* rs505151 polymorphism in the Taiwanese population. The rare AG genotype of *PCSK9* rs505151, associated with diabetes and a positive family history of CAD, was approximately 9%.
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